Effects of pregnancy and mating age on rate (gain/day) and efficiency (gain/feed) of lean and fat deposition were determined in the M 16 line of mice selected for rapid postweaning weight gain. Correlated responses in M16 mice included increased lean and fat gain and efficiency. Exclusive of their litters, M 16 females had greater (P<.01) lean tissue growth and efficiency during pregnancy than M 16 virgin female contemporaries. Gain and efficiency of lean during pregnancy were higher (P<.01) in females mated at an early age (28.7+.5 days) than those mated at a normally later age (52.7_+.5 days). Pregnant females had decreased (P<.01) fat and energy retention and efficiency when compared with virgin controls of similar age. Early-pregnant females gained body fat and energy during pregnancy, whereas normalpregnant females showed a loss of body fat and energy. Total (female + litter) gain and efficiency of lean, fat and energy were higher (P<.01) in early-pregnant than normal-pregnant females. Total lean gain and efficiency were higher (P<.01) in gestating than virgin controls, but total fat and energy gain and efficiency were less (P<.01). During a 3-week postpartum test period, earlypregnant females did not differ from virgin controls in lean gain and efficiency, whereas normal-pregnant females were lower (P<.0 I) than virgin controls. Early-pregnant and normalpregnant females had higher (P<.01) fat and energy gain and efficiency than virgins during the 3-week postpartum period.
INTRODUCTION
New genetic and managemental approaches are needed for increasing the efficiency of animal protein production. Using the mouse as a biological model, it has been demonstrated that gain and efficiency of protein deposition during pregnancy of primiparous females, exclusive of their litters, were enhanced over virgin controls (Eisen and Leatherwood, 1976) . In contrast, female mice did not gain body fat during pregnancy while virgin females of the same age continued to deposit fat (Eisen and Leatherwood, 1976) . Females that were stimulated to reach puberty at an early age (early-pregnant) by exposure to mature males (Vandenbergh, 1973; Eisen, 1975) retained more protein and deposited protein more efficiently during pregnancy than older primiparous females (normal-pregnant) (Eisen and Leatherwood, 1976) .
Selection for large body weight or gain in mice has usually resulted in positive correlated responses in the amount of lean and fat tissue deposited (Eisen, 1974) . After continued long-term selection for high 3-to 6-week postweaning gain (Eisen, 1975) , the Ml6 line is characterized by higher feed consumption, improved feed efficiency, increased protein and fat deposition and greater adipose cellularity Eisen et al,, 1977 Eisen et al,, , 1978 . Obesity in the M 16 line appears to be polygenically controlled and the degree of obesity is milder than that observed in obese-hyperglycemic (ob ob) mice .
In a preceding paper, it was shown that weight gain and feed efficiency of pregnant M l6 females exceeded that of virgin Ml6 females while M16 early-pregnant exceeded normal-pregnant females (Eisen, 1977) . The present study was designed to determine the influence of pregnancy and mating age on the rate and efficiency of fat and protein deposition in the MI6 line selected for fast growth rate.
MATERIAL AND METHODS
The experimental design has been described previously (Eisen and Leatherwood, 1976; Eisen, 810 JOURNAL OF ANIMAL SCIENCE, Vol. 48, No. 4 (1979) 1977). Briefly, females of the MI6 line that had undergone long-term selection for rapid postweaning weight gain (Eisen, 1975) were allocated randomly to the following treatments:
(I) Early-pregnant primiparous females (mean mating age of 28.7_+.5 days) and their litter were slaughtered at parturition (N--37).
(2) Normal-pregnant primiparous females (mean mating age of 52.7 _+ .5 days) and their litter were slaughtered at parturition (N = 35).
(3) Early-pregnant primiparous females were slaughtered at l0 weeks of age (mean postpartum period of 22.7_+.5 days) (N = 35).
(4) Normal-pregnant primiparous females were slaughtered at 13 weeks of age (mean postpartum period of 19.2_+.5 days) (N=35).
(5) Virgin females were slaughtered at 4, 5, 6, 7, l0 and 13 weeks of age (N = 15 for the first three age groups and N--25 for the last three age groups). Randombred ICR males were used in all matings. The entire litter of all females assigned to treatments 3 and 4 was discarded on the day of birth.
Mice were fed Purina Mouse Chow ad libitum (gross energy = 4.34 kcal/g) throughout this study. Individual feed intake was recorded for all females except during the period when a male was present in the mating cage.
The procedure used to analyze total body water, fat and ash followed that given by Eisen and Leatherwood (1976) . Protein weight was estimated indirectly as "lean" weight, which was calculated as dry body weight minus fat weight and ash weight. Body energy per gram was determined on ~ dry sample by combustion in a Parr adiabatic bomb calorimeter. Total body energy was calculated as kilocalories per gram dry body weight times dry body weight.
Gain in a body component from mating to parturition, from mating to termination of the postpartum period or between comparable age intervals in the case of virgin females was estimated by the method outlined by Eisen and Leatherwood (1976) . Body composition data of virgin mice were used to formulate linear regression equations of the form ~n C=~n a+b ~n W, where ~n C and J~n W are the natural logarithms of the body component and live body weight, respectively, ~n a is the intercept and b is the regression of s C on s W. Gain per day in a component, say from mating to parturition, was estimated by subtracting the weight of the predicted component at mating from the observed component at parturition and dividing by the number of gestation days. Gain per day of each body component from parturition to termination of the postpartum period was calculated in a similar manner. Weight of each body component at parturition was predicted from regression equations estimated in the early-pregnant and normal-pregnant females at parturition. Lean, fat and energetic efficiency were calculated by dividing gain per day of the respective components by feed intake per day.
The statistical analysis was based on standard procedures for the analysis of variance with unequal subclass numbers (Harvey, 1975) and for preplanned linear contrasts. The effects of age (10 weeks vs 7 weeks) at slaughter, averaged over primiparous and virgin females, were generally important (table 3, contrast B + E vs A + D). Older mice had larger (P<.01) weights for all components and a higher (P<.01) percentage fat. Percentage lean was less (P<.01) in older mice when expressed on a drymatter basis.
RESULTS

Body
The interaction of status (once-mated vs virgins) by age (10 weeks vs 7 weeks) was not significant for any of the body composition traits.
Gain and Efficiency of Females from Mating to
Parturition vs Virgin Females. Body component weight gains (fat, lean and ash) for M16 females were estimated in the period from mating to parturition by the regression technique outlined earlier. Females in each treatment exhibited significant (P<.01) increases in all body components except for the loss (P<.01) in fat and body energy found in normal-pregnant mice (table  4) . Females mated at an early age consumed more (P<.05) feed and had higher (P<.01) gains and efficiencies from mating to term than normalmated females. Primiparous females had a higher feed intake and gained more (P<.01) lean, water and ash while retaining less (P<.01) fat and body energy than virgin females. In addition, primiparous females were higher (P<.01) in gross efficiency and lean efficiency, but lower (P<.01) in fat efficiency and energetic efficiency. These results were true for early-pregnant as well as normalpregnant females when compared with their respective virgin contemporaries.
Total (Female Plus Litter) Gain and Efficiency from Mating to Parturition vs Virgin Females.
Total gains of lean, fat and energy for the primiparous polygenic obese females were obtained by summing the component gains of the female during pregnancy (table 4) and the component litter weights (table 1) . Total lean gain was about equally distributed between female (52.5%) and litter (47.5%) in the early-pregnant treatment, but in the normal-pregnant group the female accounted for less of the total lean gain than the litter (36.7% vs 62.3%) (figure 1). The female accounted for 76.9% and 65.7% of the total fat and energy gain, respectively, in the early-pregnant group, but a percentage comparison with the normal-pregnant group is not possible since these females lost body fat and energy during pregnancy. Total energy increase was almost eight times higher in the early-pregnant group. Total gains and efficiencies for lean, fat and energy were higher (P<.01) for the early-pregnant than for the normal-pregnant group (table 5) . Total lean gain and lean efficiency were greater (P<.01) in primiparous compared to virgin females, while both total fat and energy gains and efficiencies were smaller (P<.01). This result was found for both age groups.
Body Composition of Postpartum vs Virgin Females. Females mated at the two ages were compared at approximately 3-weeks postpartum with virgins of the same ages (table 6). Linear contrasts in the first column (G vs H) compare early-pregnant vs normal-pregnant postpartum females. In contrast to the results at parturition (table 3) , body weight, fat weight, body energy, body energy/dry weight and percentage fat were significantly greater in early-pregnant compared to normal-pregnant females, whereas water, ash and lean (dry-matter only) percentages were significantly less. When averaged over age of female (10 and 13 weeks), postpartum females had significantly higher means than virgins (table 6, contrast G + H vs E + F) for live and empty body weight, lean, water and ash weight and percentage, and significantly lower means for body energy/dry in agreement with the interaction reported for live body weight in the MI6 line (Eisen, 1977) . The status• subclass means for water, ash, lean and fat weight are plotted in figure 2. At 10 weeks of age (22.7 + .5 days postpartum), water, ash and lean weights were significantly larger for earlypregnant females than for virgins, whereas at 13 weeks (19.2_+.5 days postpartum) the differences were greatly diminished. In the case of fat weight, the exact opposite trend was observed.
Gain and Efficiency of Postpartum vs Virgin Females. The major shifts in body composition between once-mated females at termination of the postpartum period and virgin controls were a result of differences in body component gains (table 7) . Following parturition, early-pregnant females continued to consume more (P<.01) feed and have higher (P<.01) live weight gain and gross feed efficiency than normal-pregnant females. Also, gains in lean, fat, body energy and ash and efficiencies of the first three components were significantly higher in the early-pregnant group.
Regardless of age, primiparous females during the postpartum period had greater (P<.01) fat and energy gains and efficiencies than virgin females, while not differing in live body weight gain. Feed intake of early-pregnant females was higher (P<.01) than virgins of a comparable age, but no differences were detected in live body and lean gain or efficiency. In the case of normal-pregnant vs virgin control females, feed intake and live body weight gain were not different while postpartum females were lower in lean gain and efficiency (P<.0I) and gross efficiency (P<.05).
Gain and Efficiency of Females from Mating to End of Postpartum Period vs Virgin Females.
A direct comparison of female gains and efficiencies from mating through the postpartum test period with virgin controls in the two age groups is given in table 8. Two procedures were used to calculate mean gains. The first method was a weighted average of the mean gains per day in tables 4 and 7 and the second was based on the regression procedure outlined earlier. Both methods yielded essentially the same results, and gains per day and efficiencies are given for the latter procedure only. Early-pregnant females had larger (P<.01) feed intake, gains and efficiences than normal-pregnant females. When compared with virgins, once-mated females had higher (P<.01) feed intake, gained significantly more lean, water and ash, and did not R41.7 +. 5, 38.2 +. 5, 42 and 42 days for early pregnant, normal-pregnant, I 0-week-old virgin and 13-week-old virgin females, respectively. bN = 34,35,25 and 25 for early-pregnant, normal pregnant, 10-week-old virgin and 13-week-old virgin females, respectively. tin g/day; 4.34 kcal/g. din g/day except kcal/day for body energy. ~ln 100• (g)/feed (g) except 100• (kcal)/feed (kcal) for energetic efficiency. *P< .05. **P< .01. differ in fat and energy gain, gross efficiency and energetic efficiency. Lean efficiency was higher (P<.01) in the once-mated females of the early age group but not in the normal age group. Fat efficiency was lower in the once-mated females of the early and normal age groups, but significance (P<.05) was reached only in the latter group.
DISCUSSION
The present experiment demonstrated that, exclusive of their litters, M16 polygenic obese female mice exhibited markedly greater lean tissue deposition and efficiency during pregnancy than virgin contemporaries. Water and ash gains showed a similar pattern. The greater gain and efficiency of lean seen in early-pregnant compared with normal-pregnant females were expected since protein deposition declines with age (Bergen, 1974) . A protein anabolic effect in pregnant mice and rats has been reported (Spray, 1950; Beaton et al., 1954; Bourdel, 1960; Hervey and Hervey, 1967; Naismith, 1969; Barnett and Widdowson, 1971; Johnson, 1973; Eisen and Leatherwood, 1976 ). The present results are particularly significant since pregnancy increased protein gain and efficiency in the M16 line beyond that already attained by selection for high postweaning gain . This result was found in both early-pregnant and normal-pregnant M 16 females when they respectively were compared to virgin controls of the same ages. The increased energy and protein consumption of the M16 pregnant females was nominal, considering the nutritional requirements of the pregnant mouse (Bell, 1972) , and probably insufficient to account for the total response. The endogenous hormonal status associated with pregnancy may have enhanced the rate and efficiency of protein accretion. Similar findings were reported in unselected ICR female mice (Eisen and Leatherwood, 1976) . Johnson (1973) and Eisen and Leatherwood (1976) reviewed the possible role of hormones in elevating protein retention during pregnancy of mice and rats. Hervey and H ervey (1967) proposed that progesterone was responsible for increased growth and accumulation of fat through mid-pregnancy in the rat. Compatible with the maternal protein retention'observed during gestation of mice is the evidence that growth hormone secretion increases early in pregnancy and serum growth hormone concentrations reach 3 to l0 times basal levels during the second half of gestation (Sinha et al., 1974) .
Research with pigs also indicates that maternal growth during pregnancy is associated with an increased deposition of protein (SalmonLegagneur and Rerat, 1962; Elsley et al., 1966; Heap and Lodge, 1967) , although recent evidence suggests that the maternal protein retention in pigs may be temporary (Hovell et al., 1977a,b) . When compared with non-pregnant females, no protein anabolic effect was found in once-mated gilts whose piglets were removed at parturition and who were then slaughtered at about 9 days postpartum (H ovell et al., 1977a, b) . However, feed efficiency of once-mated females was higher than virgins when the effect of the litter was taken into account.
Lean tissue growth and efficiency in the polygenic obese primiparous mice was less in the postpartum period compared to gestation. The major part of this decrease in growth rate probably is due to the hormonal changes following parturition. The fact that the mice were older, and therefore would be expected to deposit less protein, may also be a factor. However, a comparison of early-pregnant females in the postpartum period with normal-pregnant females in the gestational period, both groups being of similar age, clearly indicates that lean gain and efficiency is greater during pregnancy than during the postpartum period.
Note that early-pregnant M16 females gained about the same amount of lean during the postpartum period as did comparably aged virgin controls. However, normal-pregnant females did not show a significant gain in the amount of lean during the postpartum period, whereas the virgins continued to gain lean tissue. These results contrast with those reported for unselected ICR mice where, during the postpartum period, earlypregnant females showed no significant gain in lean and normal-pregnant females actually had a slight reduction in lean (Eisen and Leatherwood, 1976) . The difference in postpartum lean gain between the MI6 and ICR lines can be attributed to a correlated response due to selection for rapid postweaning gain.
Considering the total lean gain and efficiency of MI6 females from mating to termination of the postpartum period compared to virgins of similar age (table 8) , the primiparous females were found to have significantly higher means, except for the lean efficiency comparison for normal-pregnant vs 13-week-old virgins (.09 + .06, P>. 05). However, if the energy feed cost of pregnancy is taken into account, primiparous females are more efficient. From data on unselected ICR mice over the'same mating to postpartum age interval (Eisen and Leatherwood, 1976) , it was found that lean gain per day and efficiency were greater in earlypregnant than in virgin controls" (.045 vs .030 g/day, .81 vs .66) as well as in normal-pregnant vs virgin controls (.029 vs .020 g/day, .55 vs .44). Thus, both unselected randombred ICR and high growth selected M16 mice exhibit an overall protein anabolic effect from mating through the postpartum period, in contrast with the report in pigs (Hovell el ak, 1977a,b) . The reason for the specis difference is not apparent and will require further elucidation of the mechanisms causing protein retention during pregnancy.
The influence of pregnancy and mating age on fat deposition and body energy in M 16 polygenic obese mice was striking. Early-pregnant females gained about the same amount of body fat that normal-pregnant females lost (.123___.018 vs -.159+.018 g/day). The results differ markedly from unselected ICR mice, which evinced negligible declines in body fat content in both early-pregnant and normal-pregnant females (-.009+.004 vs -.007_+.006 g/day) (Eisen and Leatherwood, 1976) , indicating a complex correlated selection response in fat deposition during pregnancy that is dependent on mating age. Johnson (1973) found no difference in percentage of ether extract between virgin females and primiparous females at the end of pregnancy, but percentage ether extract increased in later parities when compared with virgins. An explanation for the different effects of mating age on fat deposition during pregnancy in Ml6 mice may be associated with the large predicted initial difference in body fat at mating between the early and normal groups (2.39+.10 vs 9.53-+.15 g). However, the mechanisms which yield the change in net fat synthesis or degradation are not known.
Pregnancy per se had a decidedly inhibitory influence on fat and energy deposition in both M 16 and ICR mice (Eisen and Leatherwood, 197r and this was also apparent for fat and energetic efficiency. As noted earlier, growth hormone secretion increases in mice during pregnancy (Sinha et aL, 1974) , which may partially explain the effect on body fat. During the postpartum period, primiparous MI6 females accumulated body fat and energy at a higher and more efficient rate than virgins so that at the conclusion of the postpartum period no effect of pregnancy on total body fat percentage was evident. The latter observation was also made in pigs (Hovell et aL, 1977a,b) .
Total gain and efficiency of lean and fat were defined in this study to include the female's gain during gestation plus litter weight at birth. The advantage of the normal-pregnant M I6 females was that they had a larger litter size and consequently a greater amount of lean and fat gain attributable to the litter compared to the earlypregnant group. This was not true in the case of unselected mice since no difference in litter size was detected (Eisen and Leatherwood, 1976) . Body composition of the pups was not adversely affected as a result of early-mating of MI6 mice, in agreement with the results for ICR mice (Eisen and Leatherwood, 1976) . Total lean gain and efficiency were higher in once-mated polygenie obese mice compared to virgins, which agrees with results in unselected control mice (Eisen and Leatherwood, 1976) . Total fat and energy gain and efficiency were lower in primiparous polygenie obese mice compared to Virgins. In contrast to lean tissue growth, here the results differ for ICR mice where there was no effect of pregnancy in total fat gain, but total energy gain and fat and energetic efficiency were higher in pregnant mice. The correlated response can be seen as a direct result of the much higher fat content of M 16 virgin females.
Evidence from studies with rats indicates that fat storage is enhanced in the first two-thirds of pregnancy followed by a decline in fat stores to non-pregnant control values (Knopp et al., 1973; Bershtein and Aleksandrov, 1977) . These results parallel changes during pregnancy in adipose tissue lipogenesis from glucose, free fatty acids in plasma, adipose tissue lipoprotein lipase ae'tivity and postheparin lipolytic activity (Knopp et aL, 1973 (Knopp et aL, , 1975 Hamosh et aL, 1970) . Immunoreactive insulin is elevated significantly throughout pregnancy, suggesting a declining response of adipose tissue to insulin in the latter part of gestation (Knopp et al., 1973) . Additionally, placental lactogen has a lipolytic effect on maternal metabolism (Tojo et al., 1976) . These series of events have not been correlated in the mouse or pig so it is not certain ifa similar pattern of initial fat storage followed by later mobilization of adipose tissue exists in these species. It is, however, an appealing hypothesis to consider from an evolutionary standpoint as a mechanism to assure an adequate energy supply to the fetus (Knopp et al,, 1973) .
